Introduction {#s0005}
============

Anorexia nervosa (AN) is a disorder characterized by severe weight loss, fear to obesity and partial self-starvation. Most commonly found in women but increasing in men, it is currently the third most frequent chronic disease in adolescents \[[@bb0005],[@bb0010]\]. Orthopaedic implications include a significant and sometimes permanent loss of bone stock, with a corresponding increase of fracture risk, including stress fractures (SF) \[[@bb0015],[@bb0020]\].

The two main causes of reduction of bone density in AN are body composition changes and hormonal alterations. The reduction of body fat is coupled with a paradoxical increase in bone marrow fat, resulting from higher levels of preadipocyte factor-1 \[[@bb0025],[@bb0030]\], a growing factor which inhibits the differentiation of the stem cell to osteoblast, with a subsequent reduction in the mechanical resistance of bone \[[@bb0010]\], increasing fracture risk and reducing bone healing potential.

In women, recovery parameters include that they must maintain a BMI \>18 kg/m^2^ and have neither engaged in binging and purging behavior nor severely restricted food intake during the past year \[[@bb0035],[@bb0040]\]. Psychological characteristics of patients with AN are complex and clinical recovery should be supported by psychological treatment and patient\'s understanding and control of the disease \[[@bb0010]\]. While gradually increasing mechanical bone loading by exercise should be beneficial for bone quality, considering that patient\'s BMI and bone health do not improve simultaneously, the initiation of physical activity or sports upon recovery from AN should be carefully considered to avoid stress fractures \[[@bb0010],[@bb0045],[@bb0050]\].

In addition, there is a higher incidence of treatment failure for hip fractures in AN patients, probably related to bone quality and healing potential as well as to lower patient treatment compliance due to psychological factors \[[@bb0055],[@bb0060]\].

We report a case of a *sedentary* patient with AN, who sustained bilateral femoral neck SF. The patient was informed and acknowledged publication of her case, and the hospital\'s IRB approved publication.

Case report {#s0010}
===========

The patient was a 27 year-old *sedentary* woman, lawyer, that had never engaged in any sport activity. A history of smoking (4 packs year according to smoking index \[[@bb0065]\]), on psychiatric medication due to panic attacks and chronic eating disorders which resulted, 5 years before admission for the fractures, in a BMI of 16.6 kg/m^2^ (height 1.57 mt -- weight 41 kg) and amenorrhea. For a 5-year period (from 20 to 25 years old) her diet consisted on cookies, coffee and cigarettes. She partially modified this conduct 2 years before admission, when she weighed 62 kg (BMI 25.2 kg/m2 and still considering herself obese) and with regular menstrual periods, which confirmed that the patient had clinically recovered from AN.

She presented mild to moderate bilateral groin pain for 18 months, starting when she initiated weight gain. At this time she would not recognize her alimentary disorder and denied the previous AN condition.

Standard radiographs showed a calcar compression fracture in both hips ([Fig. 1](#f0005){ref-type="fig"}) and MRI showed a change of intensity in both femoral necks and bone oedema in the right, *suggesting* a compressive non displaced fracture at the inferior aspects of both femoral necks ([Fig. 2](#f0010){ref-type="fig"}-A). The bone scan revealed increase uptake of both femoral necks, also suggesting bilateral SF ([Fig. 2](#f0010){ref-type="fig"}-B), and finally, a CT scan confirmed the fracture in both hips ([Fig. 3](#f0015){ref-type="fig"}).Fig. 1AP and lateral X-rays of both hips. Compression fracture at the inferior cortical of both hips femoral necks.Fig. 1Fig. 2A- MRI: The intensity change in both femoral necks can be observed as well as bone oedema in the right femoral neck. B- Total body bone scan: Focal area of activity increase in the internal region of both femoral necks.Fig. 2Fig. 3CT-scan. Both neck fractures are clearly seen.Fig. 3

Blood tests showed values for serum total proteins of 5.7 g/dl (6.6--8.7 g/dl), albumin of 3.2 g/dl (3.5--5.2 g/dl) and vitamin D of 16.4 ng/ml (30--50 ng/ml).

Using a minimally invasive procedure, bilateral internal fixation with a DHS (Dynamic Hip Screw - Synthes™ De Puy™, J&J™, Raynham, MA, USA) was performed. During surgery, 2 bone biopsies for histological analysis were taken ([Fig. 4](#f0020){ref-type="fig"}).Fig. 4A- Location where biopsies were taken for the histological analysis (black dots). B & C- AP and lateral X-ray of both hips. The plate screws look shorter because they were placed in a divergent way.Fig. 4

The patient was started with partial weight bearing with a walker the day after surgery and was treated with vitamin D, calcium and a special diet.

The histological analysis informed normal bone.

The patient suffered a fall 3 days after surgery as a result of walking without assistance when going to the bathroom, and sustained a fracture of the left femur just below the DHS ([Fig. 5](#f0025){ref-type="fig"}A).Fig. 5A- AP X-ray of both hips. Left femur fracture. B- Dynamic osteosynthesis with a proximal femoral nail and bone allograft.Fig. 5

A new internal fixation with a proximal femoral nail (PFNA -Synthes™ De Puy™, J&J™, Raynham, MA, USA) was performed ([Fig. 5](#f0025){ref-type="fig"}B) and, as the patient had not previously followed the walking instructions and to prevent a new fall, a non-weight bearing non-walking period of 3 weeks was enforced. Three months after surgery, the distal dynamic screw had reached its maximum sliding capacity and was removed to improve fracture site compression ([Fig. 6](#f0030){ref-type="fig"}). At 8 months after surgery, X rays showed the healing progression of the fractures ([Fig. 7](#f0035){ref-type="fig"}). The patient was deeply depressed and aggressive, walked indoors only, referring moderate bilateral generalized lower limb pain and using 1 cane. We then again emphasized the need for psychological and psychiatric assistance, to which she was initially reluctant and finally accepted. At 13 months after surgery, the patient walked with no assistance or pain, and the fractures were healed ([Fig. 8](#f0040){ref-type="fig"}).Fig. 6A- 3 months after surgery. A- The fracture in the right hip is more evident than in previous X-rays. The removal of the dynamic screw allowed the impaction of the left femoral fracture. B- Left femur lateral view.Fig. 6Fig. 7A- 8 months after surgery. The patient was still walking with 1 or 2 cane assistance and a generalized hip and bilateral lower limb pain. B- Left femur lateral view.Fig. 7Fig. 813 months after surgery. A fractures are healed. B- patient walked without assistance and no pain.Fig. 8

Discussion {#s0015}
==========

Even if AN is not a rare condition, bilateral femoral neck stress fractures in these patients are not common and are even rarer in those with *sedentary* habits \[[@bb0005]\]. In this patient, excessive loading of weak bone due to body weight gain seems to be the key factor that generated the stress fractures.

Trabecular and cortical bone quality are usually compromised in AN, increasing the hip fracture risk \[[@bb0070]\]. Bone tissue disorders result from multiple factors involving both nutritional deficits and hormonal changes and generate not only loss of mineral bone density but also an alteration in bone architecture, with cortical porosity and decreased trabecular volume and thickness, condition that compromises the bone healing potential \[[@bb0045],[@bb0050]\].

Tension fractures of the femoral neck occur on the superior aspect, with a vertical pattern that usually makes them unstable \[[@bb0075],[@bb0080]\], whereas compression fractures occur on the inferior aspect and are generally stable \[[@bb0085]\]. Both types are low velocity repetitive injuries and some large studies show an avascular necrosis incidence ranging from 23 to 42% in displaced ones \[[@bb0090], [@bb0095], [@bb0100]\], rendering it essential to avoiding displacement.

Serum albumin may be surprisingly normal in patients with AN, and protein levels do not correlate with the severity of the condition \[[@bb0105],[@bb0110]\]. In this particular case, the decision was to treat simultaneously the stress fractures and the nutritional imbalance.

Reduction of bone density is related to the reduction of trabecular volume and thickness \[[@bb0050]\], and in patients with AN, also to a reduction in the total number of trabeculae \[[@bb0115]\], producing a decrease in bone resistance. Nevertheless, even if bone density values are within normal parameters as in this case, patients who recover from AN do not totally recover the optimal bone quality corresponding to their age \[[@bb0015]\]. For recovering the best bone quality possible, the best strategy is still the normalization of body weight and menstrual cycle, but a total catch up is not usually observed \[[@bb0010],[@bb0045]\], generating a period when bone load increases (because of higher body weight or sports) and bone resistance is still compromised.

When walking, the forces transmitted through the hip are 4 to 5 times body weight \[[@bb0120]\]. In our case, the forces increased from 205 kg to 310 kg when she improved her diet and gained weight, which is when hip pain began. Thus, since in patients with AN the recovery of bone quality is slower than recovery of body weight, it is important to be aware of this situation to avoid fractures.

The early diagnosis and treatment of SF is essential to ensure the return to complete function without side effects \[[@bb0125]\], and pain from a stress fracture could be the first symptom in patients with AN. Therefore, in young patients without other risk factors such as steroid therapy, alcohol abuse or high performance sports, AN should be suspected, especially if the patient has a low BMI. A high degree of suspicion is necessary as radiographs can be normal at the beginning and will reveal changes 2 or 3 weeks after the symptoms appeared, with only a 10% to 29% sensitivity \[[@bb0130]\]. Bone scan and MRI have a sensitivity of 98% and are the gold standard for diagnosis of SF in an early stage \[[@bb0085],[@bb0135]\]. In our case, however, the fractures were only clearly visible in the CT scan.

Treatment of femoral neck SF is a matter of debate \[[@bb0005],[@bb0010],[@bb0060],[@bb0140]\]. Nevertheless, just considering that the fracture might displace and dramatically worsen its prognosis suggests that it is best to perform prophylactic surgery.

For treatment of a compression type stress fracture of the femoral neck, the DHS system seems to be the ideal and less invasive fixation device \[[@bb0010],[@bb0145]\]. In this particular case, we consider that the cause of failure of the initial left limb surgery was a combination of the patient\'s lack of self-protection and femoral weakness. In this case the SF occurred when the patient improved her diet. The 50% increase in body weight (41 Kg to 62 Kg) and the slower recovery of bone volume and quality were possibly related to the genesis of the fractures.

Women who have recovered from AN appear to maintain a lower BMI in association with a high level of physical activity, and the SF risk increases according the sport activity increases (particularly running, but also volleyball, tennis, basketball, and so on) \[[@bb0150], [@bb0155], [@bb0160]\]. The risk is probably much higher in patients who have recovered from AN \[[@bb0010]\].

Hernigou et al. \[[@bb0010]\] reported on a bilateral femoral neck SF in a patient already cured from AN, that occurred when starting sport activities. They proposed that the cause of the SF may be increased load in a bone that was not completely recovered. Rigotti et al. \[[@bb0165]\] reported an increased fracture risk in women with AN, and Lucas et al. \[[@bb0170]\] found that the cumulative incidence of fracture at forty years after diagnosis of AN was 57%.

The treatment of AN must involve physical activity to stimulate recovery of bone quality, but always within a multi-disciplinary approach involving psychiatrists, nutritionists and endocrinologists to attain the real cure of AN and not only body weight gain \[[@bb0045],[@bb0050]\].

Carpintero et al. \[[@bb0005]\] proposed that changes in bone tissue in patients with AN are multifactorial and include nutritional deficits and hormonal disorders. They reported a 32-year-old patient with AN and bilateral femoral neck fracture treated with femoral nailing that developed bilateral femoral head avascular necrosis. A right total hip arthroplasty was performed, and before the left side was replaced, the patient committed suicide. This case highlights that in patients with AN not only the fracture healing could be compromised but also that their psychological characteristics are very complex.

Patients with AN are complex and require a long and personalized treatment. In this case, the psychological approach that included a pain therapy specialist\'s assistance was key for improvement. The patient was *sedentary* when she suffered the bilateral femoral neck SF, and this must draw our attention in order to consider what kind of low impact sporting activity such as swimming we should recommend in order to improve bone quality without exposing bone to an excessive load.
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